Abstract: Indoles that are substituted at the 2-or 3-position with electron-withdrawing groups (nitro, phenylsulfonyl) undergo nucleophilic addition, 1,3-dipolar cycloaddition, and Diels-Alder reactions to give a variety of indoles, pyrroloindoles, and carbazoles. New methods for the synthesis of furo [3,4-b]indoles and the novel ring system furo[3,4-b]pyrrole are described for the first time. Diels-Alder reactions of furo [3,4-b]pyrroles afford indoles after dehydration of the primary cycloadducts. Efficient syntheses of both 2-and 3-nitroindoles from indole are reported, and the first generation and successful electrophilic trapping of a 2,3-dilithioindole has been achieved.
INTRODUCTION
Although the chemistry of indole (1) has been investigated for more than 100 years, as summarized in Scheme 1 [1] , recent times have seen the development of new indole chemistry, such as lithiated indoles and indole radicals for use in synthesis [2, 3] .
In continuation of our own inveterate interest in the chemistry of indoles [4] [5] [6] , we have begun to examine the chemistry of indoles that are substituted at the 2-or 3-position with a strong electronwithdrawing group (i.e., nitro, phenylsulfonyl, cyano), and also to generate and trap with electrophiles When we began our work, 2-nitroindole (24) was unknown. Our initial synthesis of 24 utilized the reliable Sundberg indole synthesis starting from 2-nitrobenzaldehyde (Scheme 8) [15] .
Unfortunately, the intermediate 2-azidonitrostyrene 23 is a potent skin and eye irritant, not unlike "pepper spray" ("CS", o-chlorobenzalmalonitrile), and, as a result, we needed to find an alternative synthesis of 2-nitroindoles. Our earlier work with 2-lithioindoles [7, 16] suggested that direct nitration of this species would afford 2-nitroindoles. After considerable experimentation with different sources of "NO 2 + " (nitronium triflate, nitronium boron tetrafluoride, acetyl nitrate, pivaloyl nitrate), we found that adding dinitrogen tetroxide onto a frozen THF reaction mixture [17] of a 2-lithioindole gives the corresponding 2-nitroindole in reasonable yields (Scheme 9) [18] . Deprotection of the N-Boc-2-nitroindoles affords the parent 2-nitroindoles.
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NUCLEOPHILIC ADDITION REACTIONS
Although electrophilic additions to C-3 of indole are well established [1, 2] , nucleophilic addition reactions to the indole double bond are less well known [19] . Our initial work in this area involved 1,2-bis(phenylsulfonyl)indole (25), and we found that this compound undergoes smooth addition of lithium dialkylcuprates to yield the corresponding 3-alkyl-2-(phenylsulfonyl)indoles devoid of the N-phenylsulfonyl group (Scheme 10) [15, 20, 21 ]. Furthermore, we were able to intercept the presumed intermediate C-2 anion with methyl iodide to give 2,3-dimethyl-1-(phenylsulfonyl)indole (26) in 70 % yield. Independent synthesis or conversion to known compounds confirmed the structures of these cuprate addition products.
Similarly, nucleophilic addition reactions of 2-nitro-1-(phenylsulfonyl)indole (27) result in the expulsion of the N-phenylsulfonyl group to give the corresponding 3-substituted 2-nitroindoles (Scheme 11) [20] . A minor product in the reaction of 27 with indole anion results from attack at C-3 to give a 3,3′-biindole.
